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Abstract
The objective of this study is to define the survival outcomes associated with distinct molecular
phenotypes defined by immunohistochemical staining of paraffin-embedded tissues among
invasive breast cancer cases identified from the Nurses’ Health Study (NHS). Tissue microarrays
were constructed from archived tissue blocks of women diagnosed with breast cancer in the NHS
(1976–1997). Invasive non-metastatic breast cancer tumors (n = 1,945) were classified into 1 of 5
molecular phenotypes based on immunohistochemistry assays for estrogen receptor (ER),
progesterone receptor (PR), HER2, cytokeratin (CK) 5/6, epidermal growth factor receptor
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(EGFR) and grade. Survival outcomes were estimated using the Kaplan–Meier product limit
method. Cox-proportional hazards models were fitted to determine the association of molecular
phenotype with survival outcomes after adjusting for covariates. 1,279 (65.8%) tumors were
classified as luminal A, 279 (14.3%) as luminal B, 95 (4.9%) as HER2 type, 203 (10.4%) as basal-
like and 89 (4.6%) tumors were unclassified. The 5-year breast cancer-specific survival estimates
for women with luminal A, luminal B, HER2-type, basal-like and unclassified tumors were 96, 88,
81, 89 and 85%, respectively. In the multivariable model, compared to cases with luminal A
tumors, cases with luminal B (HR 1.90, 95% CI 1.33–2.71), HER2-type (HR 1.36, 95% CI 0.87–
2.12), basal-like (HR 1.58, 95% CI 1.05–2.39) and unclassified (HR 1.38, 95% CI 0.87–2.20)
tumors had higher hazard of breast cancer death. Similar trends were observed for both overall and
recurrence-free survival. In conclusion, compared to women who have luminal A tumors those
with luminal B, HER2-type, basal-like and unclassified tumors had a worse prognosis, when
tumor subtype was defined by immunohistochemistry. This method may provide a cost-effective
means of determining prognosis in the clinical setting.
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Introduction
Breast cancer is known to be a heterogeneous disease with microarray profiling studies
having identified several biologically distinct subtypes of breast tumors, each associated
with different clinical outcomes [1–4]. The basal-like and HER-2 over-expressing subtypes
are associated with poorer prognosis relative to women with luminal tumors. Among the
hormone receptor positive subtypes, women with luminal B tumors have a significantly
worse prognosis compared to women with luminal A tumors. These distinct subtypes have
been shown to be conserved across diverse patient series and array platforms [5,6]. Using a
single data set of 295 samples, Fan et al. [7] was also able to demonstrate significant
agreement across different gene expression-based predictors implying that that these gene
sets probably track a common set of biological phenotypes.

Issues such as cost, complexity and technical expertise have limited the use of gene
expression profiling as a routine diagnostic tool in the hospital setting. The next best
alternative is to use antibodies that work on formalin-fixed, paraffin-embedded tissue.
Immunohistochemistry panels have been proposed to classify breast tumors into distinct
subtypes as identified by gene expression profiling studies [8–14]. These panels primarily
use antibodies against estrogen receptor (ER), progesterone receptor (PR), human epidermal
growth factor receptor 2 (HER2), cytokeratin 5/6 (CK5/6) and epidermal growth factor
receptor (EGFR). These panels also allow the use of archived tissue samples that have
associated long-term clinical follow-up data such as that available among women enrolled in
the Nurses’ Health Study (NHS). In this study, we used archived breast tissue specimens of
women with invasive breast cancer enrolled into the NHS and used immunohistochemistry
panels to classify tumors according to breast tumor subtype and examined the relationship
between these subtypes and long-term survival outcomes.

Materials and methods
Study population and breast cancer case identification

The NHS cohort was established in 1976 when 121,700 female registered nurses aged
between 30 and 55 years from across the United States were recruited upon answering a
mailed questionnaire that was aimed at determining risk factors for cancer and
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cardiovascular disease. Follow-up questionnaires have since been sent out every 2 years to
the study participants to update exposure information and determine development of non-
fatal malignant and non-malignant disease with the follow-up rate being consistently high
approaching over 90%.

Among study participants reporting an incident diagnosis of breast cancer, written
permission was obtained to review their medical records to both confirm diagnosis and
record information on tumor characteristics including whether the cancer was in situ or
invasive, histological subtype, tumor size and the presence or absence of metastases. Using
this method, 99% of self reported breast cancer cases was confirmed. To identify cases of
breast cancer among participants who had died, death certificates were obtained to ascertain
the cause of death and thus identify and confirm those attributed to breast cancer.

This study was approved by the Human Subjects Committee of the Brigham and Women’s
Hospital in Boston, MA. Completion of the self-administered questionnaire was considered
to imply informed consent.

Tissue block collection and molecular phenotype classification
Details of tissue block collection, construction of tissue microarrays (TMA),
immunohistochemical analysis and classification into various breast cancer phenotypes have
been described in detail elsewhere [15]. In summary, in 1993, the NHS began collecting
archived formalin-fixed paraffin-embedded breast cancer blocks from study participants
with confirmed primary incident breast cancers over 20 years of follow-up (1976–1996). Of
the 5,610 women with breast cancer that were eligible for block collection, pathology
samples were available and obtained for 3,752 participants. Of these, 23 TMA blocks were
constructed from 3,093 cancers and positive lymph nodes from 2,897 participants.
Participants who reported having breast cancer at the time of study entry were excluded.

TMAs were constructed at the Dana Farber Harvard Cancer Center Tissue Microarray Core
Facility in Boston. Cores of 0.6 mm were obtained from the tissue blocks containing breast
tumors and inserted into recipient TMA blocks. Subsequently, 5-µm paraffin sections were
cut from the TMA block that underwent immunohistochemical staining for ER, PR, HER2,
CK5/6 and EGFR. Nuclei of tumor cells exhibiting staining for ER or PR either at a low
level (1–10% of tumor cell nuclei staining) or high level (>10% tumor cell nuclei staining)
was considered to be positive for ER and PR, respectively. ER and PR negative tumors were
defined as those that exhibited complete absence of tumor cell staining. Tumors were
considered as HER2 positive when more than 10% of tumor cells showed moderate or
strong membrane staining (2+ and 3+). Tumor exhibiting 0 or 1+ staining for HER2 protein
over-expression was considered to be HER2 negative. To classify tumors as being CK-
positive or EGFR-positive, any degree of cytoplasmic and/or membranous staining, even if
focal, was required.

Using the results of the immunohistochemical analyses, we classified tumors into five
subtypes. Cases that were ER-positive and/or PR-positive, HER2-negative and grades 1 and
2 were classified as luminal A cancers; cases that were either (a) ER-positive and/or PR-
positive and HER2-positive or (b) ER-positive and/or PR-positive and HER2-negative and
high grade were classified as luminal B cancers. Tumors that exhibited negative staining for
both ER and PR, positive staining for HER2 protein were classified as HER2 type. Basal-
like tumors were defined as those that exhibited no staining for ER, PR and HER2 and
positive staining forCK5/6 and/or EGFR. If the tumor exhibited no staining for all five
markers the tumor was categorized as “unclassified”.
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Inclusion and exclusion criteria of study participants
Inclusion criteria for this study were women enrolled in the NHS who had stages I–III
invasive breast cancer diagnosed between 1976 and 1996 that was confirmed by medical
record review and whose breast tumor blocks were available for TMA construction and
subsequent immunohistochemical analysis. We excluded participants with positive lymph
nodes only (n = 25), rare tumor types including malignant phyllodes tumors, neuroendocrine
carcinoma and angiosarcoma (n = 10), breast cancer cases with in situ (n = 401), stage IV
disease (n = 62), missing information on molecular phenotype (n = 225), metastases at
diagnosis or stage III but lacking a complete metastatic work-up (n = 175), and women with
impossible date of recurrence which was estimated prior to date of diagnosis (n = 54).

Calculation of mortality and breast cancer recurrences
Women were followed until death or December 2007 whichever ever came first. Deaths
were determined by reporting from family members and/or postal authorities or searching
the National Death Index. Using the National Death Index is a known and reliable method
for women with breast cancer [16,17]. Almost 98% of the deaths among women in the NHS
have been determined in this fashion [18]. Date of death was ascertained from death
certificates. Cause of death was determined from death certificates and/or review of medical
records.

In this analysis, we assumed breast cancer cases recurred if they subsequently reported a
second cancer in the liver, bone or brain as these are the most common sites of breast cancer
recurrences. In cases where women with breast cancer reported the development of a
subsequent lung cancer, medical records were reviewed to distinguish breast cancer
metastases to the lung from a primary lung cancer. Among women whose cause of death
was reported to be due to breast cancer, recurrence was assumed to have occurred 2 years
prior to the date of death. This assumption is based on the fact that the average survival of
women with stage IV disease is approximately 2 years [19].

Statistical analysis
Information on covariates was obtained from questionnaires that are completed by the
participants biennially. For the purposes of this study covariate information at the time of
diagnosis was obtained from the questionnaire before the report of breast cancer diagnosis.
The covariates were compared across molecular phenotype groups with the Chisquare test or
Wilcoxons’ rank sum test, as appropriate. Median follow up was measured as the median
observation time among all cases.

Three survival end points were defined for this study with the follow-up cut off being
December 2007. Overall survival (OS) was calculated from the date of diagnosis to the date
of death from any cause or the follow-up cut off whichever came first. Breast cancer-
specific survival (BCS) was calculated from the date of diagnosis to the date of death from
breast cancer or the follow-up cut off. Recurrence-free survival (RFS) was calculated from
the date of diagnosis to the date of first metastatic recurrence or the follow-up cut off. For
the estimation of BCS and RFS, deaths from any other causes were censored. The Kaplan–
Meier product limit method was used to estimate the three survival end points and was
compared across groups using log rank statistic. Cox-proportional hazards models were then
fit to determine the association of molecular phenotype with each survival end point after
adjusting for lifestyle and tumor characteristics.

Covariate information on the study population was obtained from biennial questionnaires.
The following covariate data were obtained from the questionnaire preceding the report of
breast cancer diagnosis: age, body mass index (BMI), oral contraceptive use, age at first
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birth, parity, postmenopausal hormone use, alcohol intake and smoking status. Information
on breast tumor characteristics and treatments was extracted from the medical record and
supplemental questionnaire including year of diagnosis, stage, radiation, and chemotherapy
and hormonal treatment. Information on histological grade was obtained from centralized
pathology review by a single pathologist (YF). Covariates considered in the multivariate
model were based on both statistical significance and clinical significance. Variables
included in the final model were age at diagnosis (continuous), year of diagnosis
(continuous), body mass index at diagnosis (continuous), grade (grades 1, 2 and 3), stage of
disease (stages I, II and III), radiation treatment (yes, no, missing), and chemotherapy and
hormonal treatment (no/no, yes/no, no/yes, yes/yes, missing). The proportional hazards
assumption of the final model was assessed visually with plots of the model residuals and
with interaction terms of the covariates with time. All statistical tests were two-sided and P
values less than 0.05 were considered statistically significant. Analyses were performed
using the SAS 9.1.

Results
The final analyses included a total of 1,945 women with non-metastatic breast cancer at the
time of diagnosis. Table 1 summarizes characteristics of the women enrolled in the NHS and
their tumors according to the breast cancer molecular phenotypes. Mean age at breast cancer
diagnosis ranged from 55 to 58 years across the five molecular phenotypes with women
diagnosed with luminal A tumors tending to be older at diagnosis compared to the other
molecular phenotypes. 1,279 (65.8%) tumors were classified as luminal A, 279 (14.3%)
were classified as luminal B, 95 (4.9%) were of HER2 type, 203 (10.4%) were classified as
basal-like and 89 (4.6%) tumors were unclassified. In general, women with luminal A
tumors had tumors that were smaller, lower grade and stage, and with less nodal
involvement compared with the other molecular phenotypes.

Survival estimates
Median follow-up among all women was 15 years. At the time of the analysis (follow-up cut
off December 2007), 728 (37.4%) women had died of any cause, 395 (20.3%) had died of a
breast cancer related event, and 417 (21.4%) experienced a recurrence. Table 2 summarizes
the 5- and 10-year survival estimates for the five molecular phenotypes. Five-year BCS for
women with luminal A, luminal B, HER2 type, basal-like and unclassified tumors was 96,
88, 81, 89 and 85%, respectively (P < 0.0001) (Fig. 1). Similar trends were observed for
both OS and RFS.

Multivariable model
Table 3 summarizes the age adjusted and multivariable adjusted hazard ratios for OS, BCS
and RFS according to the five molecular phenotypes. The multivariable model was adjusted
for age and year of diagnosis, BMI at diagnosis, stage of disease, nodal status, tumor size
and grade of disease. Compared to cases with luminal A tumors cases with luminal B (HR
1.90, 95% CI 1.33–2.71), HER2 type (HR 1.36, 95% CI 0.87–2.12), basal-like (HR 1.58,
95% CI 1.05–2.39) and unclassified (HR 1.38, 95% CI 0.87–2.20) tumors had higher hazard
of breast cancer death. Compared to cases with luminal A tumors cases with luminal B (HR
1.77, 95% CI 1.25–2.52), HER2-type (HR 1.21, 95% CI 0.78–1.89), basal-like (HR 1.37,
95% 0.91–2.06) and unclassified (HR 1.51, 95% CI 0.97–2.35) tumors had higher hazard of
breast cancer recurrence.
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Discussion
Using a large prospective cohort study, we examined the prognosis associated with various
invasive breast tumor phenotypes, as defined by a panel of immunohistochemical markers.
The results of this large study, with relatively long follow-up, reveal that women with
luminal A tumors have better OS, BCS and RFS than women with other molecular
phenotypes after adjustment for a number of clinically relevant potential confounders.

The results of this study are similar to those reported in earlier studies that used either gene
expression profiling [1,2,4] or panels of immunohistochemical markers [8–14]. In one of the
earliest studies by Sorlie et al. [1], gene expression profiling was used to classify 48 invasive
breast tumor samples into various subtypes. At a median follow-up of 66 months the authors
were able to show in a univariate analysis that the subgroup of women with HER2-type and
basal-like tumors had worse prognosis compared to women with luminal breast tumors.
Using invasive tumors samples from a cohort of 4,046 women, Cheang et al. [12] classified
these tumors into various phenotypic subtypes using a panel of five immunohistochemical
markers and found that women with luminal tumors had better survival outcomes compared
to those whose tumors were of HER2-type or basal-like. Similarly, the current study with
the longest median follow-up to date also found that HER2-type and basal-like tumors as
defined by a panel of immunohistochemical markers had worse survival relative to the
luminal A type.

Most studies evaluating prognostic outcomes related to breast tumor subtype, including the
one presented here, were conducted in the pre-trastuzumab era. Trastuzumab efficacy trials
have demonstrated significant survival benefit in both the metastatic [19] and adjuvant
setting [20–23]. Recently, Dawood et al. [24] presented results of a large retrospective study
of approximately 2,000 women with metastatic breast cancer demonstrating that women
with HER2 over-expressing breast cancers had a 44% reduction in the risk of death (HR
0.56, 95% CI 0.45–0.69, P < 0.0001) compared to women with HER2 non-expressing
tumors. Thus, it is unclear if the results relating to HER2-expressing tumors are applicable
to women being treated in the trastuzumab era.

Sorlie et al. [1] demonstrated that gene expression profiling of breast tumors resulted in a
fifth subtype that the authors classified as “normal breast-like”, which constituted
approximately 6% of breast tumors and was associated with good prognosis. These tumors
were found to have high expression of many genes known to be expressed in adipose tissue
and also demonstrated strong expression of basal epithelial genes as well as low expression
of luminal epithelial genes. In our cohort approximately 5% of women had tumors that were
determined to be “unclassified” due to the absence of staining of their tumors for ER, PR,
HER2, EGFR and CK 5/6. 5 and 10-year BCS among this subgroup of women was 85 and
82%, respectively. After adjusting for a number of clinically relevant potential confounders
we noted that compared to women with luminal A tumors those with basal-like tumors had a
58% increased risk of breast cancer-specific death while those with unclassified tumors had
a 38% increased risk of breast cancer-specific death. The current study is consistent with
previous studies which have examined these breast cancer subtypes [12,14]. In the Carolina
Breast Cancer Study (n = 496 incident cases of invasive breast cancer), Carey et al. [14]
found that women whose tumors did not express any of the immunohistochemical markers
used to classify breast tumors (ER, PR, HER2, EGFR, and CK5/6) had 77% breast cancer
survival over 11.2 years. Similarly, Cheang et al. [12] recently reported a 10-year BCS of
72% among women with “unclassified” tumors as determined by immunohistochemistry.

When interpreting the results of our study it is important that we do so within the confines of
its strengths and limitation. Detailed treatment information was unavailable in our study;
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however, we were able to adjust for general treatment categories in the multivariable
models. The importance of treatment is highlighted by the recent 15-year update from Early
Breast Cancer Trialists’ Collaborative group that showed that 6 months of adjuvant
anthracycline chemotherapy reduced the annual breast cancer death rate by 38% for women
younger than 50 years and by 20% for those women aged 50–69 years [25]. Although it is
possible that there could be residual confounding by treatment, we attempted to account for
changes in treatment over time by including year of diagnosis in our multivariable model.
Women contributing to this analysis only included those whose tumor samples were
available for inclusion in the TMA. After taking into account age and year of diagnosis the
women included in this analysis were similar to the women whose tumor samples were
unavailable for TMA [15], suggesting that these women are missing at random.

Conclusion
The results of our study add to the growing literature that classifies invasive breast tumors
into various subtypes similar to that identified by gene expression profiling. The strength of
this study lies in the fact that the information derived was acquired prospectively among a
large group of health professionals diagnosed and treated in the community setting with long
follow-up. The cost and technical expertise required to classify breast tumors will in all
probability preclude its use in the community setting and as such classification based on
immunohistochemistry presents an attractive option. With the movement towards
personalized treatment programs classification of breast tumors will be even more
important. However, limitations still exist. Future studies will need to focus improved
classification of tumors using immunohistochemical markers.

Abbreviations

ER Estrogen receptor

PR Progesterone receptor

HER2 Human epidermal growth factor receptor 2

CK5/6 Cytokeratin 5/6

EGFR Epidermal growth factor receptor

NHS Nurses’ Health Study
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BCS Breast cancer specific survival

RFS Recurrence-free survival

BMI Body mass index

HR Hazard ratio

95% CI 95 percent confidence interval
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Fig. 1.
Kaplan–Meier plots for breast cancer-specific survival by molecular phenotype among
invasive breast cancer identified from the Nurses’ Health Study (P < 0.0001)
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